The effects of pH on the mechanism of hydrogen peroxide and lipid hydroperoxide consumption by myoglobin: a role for the protonated ferryl species.
Myoglobin catalyses the breakdown of lipid hydroperoxides (e.g., HPODE) during which the absorption band of the lipid conjugated diene (234 nm) is partially bleached. The constant for this process is strongly pH-dependent (k = 9.5 x 10(-3)s(-1), pH 7: k = 2.3 x 10(-1)s(-1), pH 5). This rate enhancement is not due to acid-induced changes in protein conformation or the involvement of protein-based radical species, as demonstrated by an almost identical pH dependence of the same reaction catalyzed by ferric haemin. The rate constants for ferryl formation and auto-reduction show different pH dependencies, with a pK of 8.3 for ferryl formation and a projected pK of 3.5 for ferryl auto-reduction. The pH dependence for the auto-reduction of the ferryl species is the same as that of the myoblobin catalyzed breakdown of HPODE. We propose that the protonated form of ferryl myoglobin (Fe(4+) - OH(-)) is the reactive species regulating the peroxidatic activity of myoglobin. The protonated ferryl species abstracts an electron from either the protein or porphyrin, allowing fast regeneration of the ferric species. Alkaline conditions stabilize the ferryl species, making myoglobin considerably less reactive towards lipids and lipid hydroperoxides. These findings are significant for understanding myoglobin-induced oxidative stress in vivo and the development of therapies.